Abstract. Infection with specific high-risk human papillomavirus (HPV) types 16 and 18 have been strongly associated with the genesis of various neoplasms in humans, though such study in lung cancer is limited and the results are controversial. In the present study, we collected and explored 313 fresh lung tumor specimens for the presence of HPV with polymerase chain reaction and non-isotopic in situ hybridization. We found that 44.1% of (138/313) non-small cell lung carcinoma (NSCLC) samples were positive for HPV detection, while 4.2% (4/96) of lung benign controls were positive for HPV 16 and 18 DNA. HPV infection was significant between lung squamous cell carcinoma and adenocarcinoma as well as smoking and non-smoking patients. In HPV-positive lung cancer tissues, abnormal p53 protein accumulation was seen in 97 of the 138 carcinomas (70.3%) and expression of pRb in 54 of the 138 carcinomas (39.1%). There was an obvious relationship between the presence of papilloma viral DNA and abnormal p53 protein accumulation and pRb depletion. Cell proliferation and apoptosis were correlated with HPV infection in NSCLC samples. Our data confirm the high prevalence of HPV in lung carcinomas in the central part of China and suggest the possible mechanism of the carcinogenic role of HPV in these carcinomas.
Introduction
Lung cancer is the most common cancer and cause of cancerrelated deaths in China and worldwide. The pathogenesis of lung cancer is complex and is believed to be due to the interaction between environmental and genetic factors (1) . Although cigarette smoking is the most important environmental risk factor for the development of lung cancer, recently, the incidence of lung adenocarcinoma has increased and most individuals with lung adenocarcinoma (especially women) are non-smokers (2) . Thus, the exploration of carcinogenic etiologies other than cigarette smoking is warranted.
Human papillomavirus (HPV) has been shown to be implicated in human neoplasms including the uterine cervix, vulva, skin, esophagus and head and neck (3) . According to the present data, HPV is most commonly associated with the development of cervical carcinomas and HPV 16/18 are the types most frequently detected in high-grade squamous intraepithelial lesions and invasive carcinomas. The first indication of the possible involvement of HPV in bronchial squamous cell carcinogenesis was given by Syrjänen, based on histological data (4) . Subsequently, HPV DNA was detected in several isolated cases of bronchial squamous cell carcinoma, although many biopsies have been screened (5) (6) (7) (8) (9) (10) (11) (12) . Many studies from Taiwan show that HPV infection is correlated with lung cancer of non-smoking females (13) (14) (15) (16) . In contrast to the foregoing positive results, other groups recently did not detect any HPV DNA sequences or found only low infection prevalence in lung carcinomas (17) (18) (19) (20) (21) (22) (23) (24) . These studies have been affected by varying geographical locations, race and different methods used, making the results difficult to compare.
In order to explore the relationship between HPV infection and lung cancer in the central part of China, we screened for HPV DNA in 313 fresh lung specimens using polymerase In situ hybridization (ISH) for HPV. Nucleic acid ISH for HPV 16/18 was performed using digoxin labelled DNA probes and a commercially available hybridization kit (Pan-path, Amsterdam, The Netherlands) following the manufacturer's instructions. In brief, the deparaffinised and rehydrated 3-5-μm sections were first digested with pepsase at 37˚C for 10 min, rinsed with Tris-buffered saline (TBS) and dehydrated. Hybridization probes (20 μl/section) were applied on the slides and the DNA was denatured at 95˚C for 5 min. The sections were hybridized in a humidified chamber at 37˚C overnight. After hybridization, the sections were washed with TBS and Pan Wash and then were blocked and added to 20-40 μl of the detection reagents (biotin conjugated anti-digoxin antibody and StreptAvidin Biotin-peroxidase Complex, SABC). The slides were then incubated in the substrate solution (3,3-diaminobenzidine, DAB) and counterstained with haematoxylin (1 min). After being rinsed briefly in absolute ethanol and xylene, the sections were mounted with Eukitt (Kindler, Freiburg, Germany). We used slides with acetone-fixed SiHa and HeLa cells containing HPV 16 and 18 DNA as positive controls. Slides without adding the probe were used as the negative controls.
Immunohistochemical (IHC) staining. Sections were cut into 5 μm from the specimens and placed on poly-L-lysinecoated slides (Sigma). The slides were dewaxed in xylene and rehydrated in graded alcohol. Then, the endogenous peroxidase was consumed and the sections were blocked for non-specific association. We used the avidin-biotinperoxidase complex method for HPV 16/18 E6, p53, pRb and Ki-67 immunostaining. The sections were incubated with the primary antibodies (E6, at 1:100; p53 at 1:50; pRb at 1:50 and Ki-67 at 1:100) (all of the antibodies were the products of Santa Cruz Biotechnology, Inc (Santa Cruz, CA, USA) at 4˚C overnight, followed by a biotinylated secondary antibody (dilution at 1:100) (Santa Cruz) and the avidin-biotinperoxidase complex (Santa Cruz). The color was developed with DAB, counterstained lightly with haematoxylin and mounted with Eukitt. Negative control staining was carried out by substituting phosphate-buffered saline (PBS) for the primary antibody. The known positive slides (provided by the reagent company) were used as a positive control.
TdT-mediated X-dUTP nick end-labeling (TUNEL) assay.
TUNEL assay was performed to detect cell apoptosis according to the manufacturer's instructions (Roche Diagnosis, Basel, Switzerland). In brief, the slides were dewaxed and rehydrated in graded alcohol, then quenched for the endogenous peroxidase. After being digested with proteinase K at 37˚C for 20 min, the sections were rinsed with PBS and incubated with a TUNEL reaction mixture (solution A: solution B=1:9) at 37˚C for 2 h. The slides were then blocked with normal goat serum and incubated with POD reagent in a humidified chamber at 37˚C for 40 min. The tissues were reacted with DAB and counterstained with haematoxylin. The positive control was obtained from the Roche Diagnosis Company and the negative control was treated by substitution of the TdT enzyme solution (solution A) with PBS.
Image analysis. The positive slides had brown staining in the nucleus (p53, pRb, Ki-67 and TUNEL) and in the cytoplasm (HPV E6 (Fig. 1 ). There were no differences of HPV infection in the clinicopathological status including gender, differentiation degree and lymph node metastasis. However, patients of SCC had a significantly higher rate of HPV infection than patients of AC (52.1 vs. 26.5%, P<0.05). Likewise, smokers of the NSCLC patients also had a higher rate of HPV infection than non-smokers (51.4 vs. 29.5%, P<0.05) ( Table I ). The coinfection of HPV 16 and 18 was not significant (data not shown). Moreover, we found koilocytes existed in some cases of NSCLC, which were positive for HPV DNA (Fig. 1G) . Table I . Relationships between the presence of HPV DNA in the study subjects and characteristic parameters.
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consequently has a longer half-life (29) . The accumulation of such a mutated dysfunctional protein can be detected immunohistochemically in the affected cells in contrast to the wild-type protein which has a short half-life (30, 31) . P53 and pRb immunostaining was evaluated as positive (+) (Fig. 2) or negative (-) (data not shown) according to the presence or absence of nuclear immunostaining in tumor cells. In the HPV positive group, we found that 70.3% (97/138) of the cases were positive for p53 staining, while 39.1% (54/138) were positive for pRb (Table II) . There were significant differences of p53 and pRb immunostaining in HPV-positive or negative NSCLC cases.
Relationship between HPV infection and cell proliferation and apoptosis. Both p53 and pRb are negative regulators of the cell cycle and have an important role for normal cell growth. HPV infection inactivates p53 and pRb, then disrupts the cell cycle and causes proliferation and anti-apoptosis (32, 33) . We detected cell proliferation and apoptosis in situ by Ki-67 immunostaining and TUNEL and then defined the proliferation index (PI) and apoptosis index (AI). The results were analyzed with a HMIAS-2000 high definition image analysis system. In our study, the PI of HPV-positive groups was higher than that of the negative groups, though the AI was observed as a reverse result (Fig. 3 , Table II ).
Discussion
Since HPV condylomatous changes in the lung neoplasm was first reported by Syrjänen, HPV DNA was found in lung cancer worldwide (16, 34) . Our study of a large series of 313 NSCLC demonstrated the detection of HPV DNA in 138 cases Table II . The presence of HPV DNA in relation to immunohistochemical results of p53 and pRb. Data of PI and AI represent the means of percentages, which indicate the ratios of positive staining cells for Ki-67 and TUNEL in total cells. these lesions. The disparities between the positive results may be related to the different sizes, sample modes and detection methods of the series reported. To our knowledge, our study is at the present time the most important considering the number of lung tumors explored. Many previous studies have been performed with 218 (24), 185 (22) , 149 (14) , 141 (13) and 121 (10) different carcinomas, reporting HPV detection in 1.8, 2.7, 47.7, 54.6 and 33.9%, respectively. Moreover, the heterogeneity of the results is largely explained by the mode of the sampling of tumor specimens of fresh-frozen, formalinfixed and paraffin-embedded tissues. To avoid modified or fragmented DNA from archival tissue due to formalin fixation, we chose to work with fresh and immediately frozen tumor samples. Furthermore, the HPV detection method interferes with the quality and quantity of the results obtained. In situ hybridization localizes the cells infected within the tumor, though its sensitivity is weak and detects ~20-50 copies per cell. Most studies have used PCR with 'consensus' or specific type primers amplifying HPV DNA. Some authors have used two sets of primers and nested PCR to improve the rate of HPV detection (18) . Each of these PCR methods have their own drawbacks, with the difficulty of obtaining large amplimers, especially when formalin-fixed material is used. In the current study, we used PCR with specific type primers to detect HPV DNA from the fresh-frozen samples and then confirmed the results by ISH. As noted above, the sensitivities of ISH and IHC are weaker than PCR. Our results showed that the prevalence of HPV in lung cancer was 44.1% (138/313) by PCR, 39.3% (123/313) by ISH and 28.1% (88/313) by IHC, which corresponds with literature. More importantly, we found that typical koilocytes existed in certain cases of NSCLC, which were positive for HPV DNA (Fig. 1G) . In our study, the prevalence of HPV detection in lung carcinomas in the central part of China is high.
The positive rates of HPV DNA were not significant in the clinicopathological status including gender, differentiation degree and lymph node metastasis except for histological type and smoking status. Patients of SCC or smokers had significantly higher rates of HPV infection than patients of AC or non-smokers (Table I) . Squamous-columnar junctions (SCJs) between respiratory epithelium (columnar cells) and stratified squamous epithelium are present in the mucosa of the pharynx and larynx, respectively (3). SCJs are detected in bronchial spurs and thus may play an important role in the spread of HPV. This pulmonary infection pathway may be comparable to the pathway associated with HPV infection of the uterine cervix, in which HPV infects the transformation zone, where benign condylomas and cervical carcinoma precursor lesions arise (3). Cigarette smoking induces squamous metaplasia of respiratory epithelium and produces more SCJs. Our results suggested that smokers brought more of an infection pathway for HPV and so had high rates of infection, which might be related to SCC.
In HPV-infected cells, oncoprotein E7 interacts with pRb, increases in active E2F and induction of DNA synthesis (28) . Rb-E2F complexes dissociate and free E2F becomes available as a transcriptional activator. Accordingly, E7 promotes cell proliferation by stimulating the transcription of E2F-responsive genes, which in turn propel the cell through the cell cycle (33) . Similarly, HPV E6 proteins abrogate the p53 oncosuppressive functions by inducing its degradation through the ubiquitin-proteasome pathway (27) . There were obvious relationships between the presence of papilloma viral DNA and abnormal p53 protein accumulation and pRb depletion (Table II) . Furthermore, the interaction between E6 and p53 is preventing p53-induced apoptosis (32) and E7 resists apoptosis by the inactivation of pRb together with p21 to inhibit cell cycle arrest (33) . Our results suggested that PI rather than AI increased in NSCLC patients with HPV infection (Table II, Fig. 3) , which might be a mechanism of carcinogenesis for HPV.
In conclusion, our data demonstrated that HPV was associated with NSCLC in China, especially with patients of SCC or smokers. In these cases, HPV degraded pRb and increased mutated p53, inducing cell proliferation and resisting apoptosis. The loss of heterozygosity of the FHIT gene, p16
INK4a promoter hypermethylation and p53 inactivation were frequently found in HPV-infected non-smoking female lung cancer patients in Taiwan (36) (37) (38) and transfection of HPV DNA into cultured adenocarcinoma cells induces squamous metaplasia (39) . Thus far, it is difficult to expand on an understanding of the role of HPV in bronchial carcinogenesis in vivo. More effort, including clinical and epidemiological studies, should be focused on assessing the role of HPV in bronchial carcinogenesis.
